Complete atrioventricular dissociation occurring as a result of intracardiae reparative surgery has been a relatively infrequent, but serious complication. Important advances have been made in its treatment through use of isoproterenol (Isuprel) and by use of the myoeardial electrode. The next obvious goal is to prevent completely, if possible, the occurrence of heart block and this depends upon an accurate and safe method of identifying the bundle at the time of cardiotomy. Solutions containing free iodine very effectively identified the conduction sj'stem at the time of cardiotomy in dogs, but produced lasting interference with cardiac conduction in most all of the animals. C OMPLETE heart block following surgical correction of septal defects of the heart has been a serious complication. Significant advances have been made in the treatment of surgically induced complete atrioventricular dissociation by use of isoproterenol (Isuprel) 1 and by use of the myoeardial electrode 2 ' 3 and the transistorized pacemaker. 4 Nonetheless, it has been clearly evident from this therapeutic progress that the next goal is to devise methods for prevention of this complication.
C
OMPLETE heart block following surgical correction of septal defects of the heart has been a serious complication. Significant advances have been made in the treatment of surgically induced complete atrioventricular dissociation by use of isoproterenol (Isuprel) 1 and by use of the myoeardial electrode 2 ' 3 and the transistorized pacemaker. 4 Nonetheless, it has been clearly evident from this therapeutic progress that the next goal is to devise methods for prevention of this complication.
Available evidence indicates that heart block is frequently due to inclusion of the atrioventricular bundle (AVB) in the sutures used to repair the septal defect. The general location of the AVB in normal hearts and to a lesser extent in hearts with congenital defects has been described."'" 7 However, the possibility of injury to the bundle during repair would be greatly lessened if its precise location could be determined bv the intravital staining of the Purkinje fibers at the time of open eardiotomy.
The Purkinje fiber differs from the ordinary myocardial fibers in several antomic, functional, and biochemical respects. The relatively high glycogen content of the Purkinje fibers is well-known. Staining of the AVB in situ with solutions of free iodine has been used for the gross identification of the bundle in fresh autopsy specimens.
1 ' s In the following experiments, application of solutions of free iodine for the intravital staining of the right and left bundle branches has been explored in the dog with a view to possible clinical application.
METHODS
Preoperative electrocardiograms were obtained on 31 adult dogs including limb leads I, II, III, AV R , A V L , A V P , and chest leads Vj to V o . The dogs were anesthetized with 2.5 per cent thiopental sodium administered intravenously and prepared for eardiopulmonary bypass using a disposable bubble oxygenator and the Sigmamotor pump as described previously. 9 Following stabilization of cardiopulmonary bypass, a right atriotomy or right ventriculotomy was performed. In both test and control animals the ascending aorta was clamped completely and cardiac arrest was achieved by injecting a 2.5 per cent solution of potassium citrate into the proximal ascending aorta after the technic of Melrose. 10 In the 6 dogs with right atriotomy incisions, the area of the atrioventricular node (AVN) was gently swabbed with a predetermined solution; and in 3 of these dogs an additional subendoeardial injection of the solution was made. In the 11 dogs with right ventriculotomy, the area of the right LBB, left bundle bundle branch (RBB) was visualized. In an additional 17 dogs, both right and left ventriculotomy incision were made and the areas of the RBB and the left bundle branch (LBB) were visualized. These areas were gently swabbed with a predetermined solution as indicated in table 1 except in 8 dogs in which no solutions were applied.
The solutions applied to the areas of the AVN, RBB, and LBB included Lugol's solution varied in concentration from full strength to a one-fourth dilution in normal saline, solutions of sodium iodide (Xa I) (0.75 to 25 per cent) plus free iodine (I) (0.6 to 20 per cent), a 10 per cent potassium iodide (KI) solution, a 10 per cent sodium iodide solution, and a 0.9 per cent saline solution as a control. The full strength Lugol's solution was an aqueous solution containing 10 per cent potassium iodide plus 5 per cent iodine. Applications of the solution to the endocardium was accomplished by means of soft pledgets of cotton.
The cardiac beat was then restarted by removing the clamp upon the ascending aorta thus washing out the potassium citrate by restoring coronary perfusion.
Postoperative electrocardiograms were made immediately following resumption of the cardiac beat and at frequent intervals during the first 12 hours following surgery. Electrocardiograms were also obtained at appropriate intervals thereafter until the dog died or was sacrificed. 1 and 2 ). The RBB is grossly visible in most dogs without any intravital staining methods. This fact aided in confirming the observation that in the ventricles, the iodineglycogen colorimetric reaction was seen specifically in conduction tissue. Preliminary studies on fresh postmortem dog hearts revealed that concentrations of Lugol's solution less than one-fourth strength gave a weak and unsatisfactory colorimetric reaction.
When the atrial septum in the area of AVN was swabbed with free iodine solution there was a feeble and poorly localized staining reaction (table 1). Generally the area just anterior to the coronary sinus exhibited the most intense color although other areas were also found to be stained. In an attempt to intensify the reaction, a small quantity of Lugol's solution was injected subendocardially in the area of the AVN in 3 dogs. The staining intensity was increased in these areas by this injection. However, Lugol's solution was considered unsatisfactory for identification of the AVN and proximal AVB because of the poor localization and the high incidence of resultant conduction defects.
Localization of the RBB with Lugol's solution varying from one-fourth strength to full strength was excellent in all cases ( fig. 1 ). As seen in table 1, right bundle-branch block (RBBB) occurred in all 6 dogs and was permanent in the 2 long-term survivors. The Swabbing with Lugol's solution of both the RBB and the LBB resulted in excellent localization and easy identification of both structures ( figs. 1 and 2) . Complete heart block occurred in all 8 of these dogs ( fig. 4) following resumption of the cardiac beat. In the 1 dog that survived longer than 24 hours, the rhythm reverted to that of RBBB.
In control dogs in which the RBB and the LBB were swabbed with a 10 per cent KI solution, transient heart block occurred. There was no staining of the conduction tissues by this solution. From this observation it was thought possible that the KI in the Lugol's solution might be contributing to the high incidence of conduction defects. Painting both sides of the ventricular septum with 10 per cent Xal solution resulted in neither staining nor abnormalities of conduction. However, swabbing of the bundle areas with a strong solution of Xal (25 per cent) and free iodine (20 per cent) or a weak solution of Xal (0.75 per cent) and free iodine (0.6 per cent) resulted in good localization of the conduction tissues and complete heart block in both animals. Bivcntricnlotomy with swabbing of both sides of the veiitricular septum with saline or exposure to air with no swabbing, resulted in no abnormalities in conduction of the cardiac impulse in 4 dogs (table 1) .
The intravital staining of the RBB and LBB persisted for 5 to 8 min. during cardiac arrest with the coronary flow occluded. In the beating heart, with no interruption of the coronary flow, the intravital staining persisted for 2 to 3 min. Repainting the endocardial surface with the iodine solution resulted in a reappearance of the staining pattern of an intensity comparable to the initial staining.
Microscopic studies of the areas of the RBB and LBB after painting with Lugol's solution fig. 4 ). jNTote the inflammation and thickening of the endocardium. There is destruction of the underlying myocardial fibers as manifested by the distortion and shrinkage of the sarcoplasm and patchy loss of striations. There is also pyknosis and dissolution of nuclei. These changes may be compared with the relatively normal myocardial fibers visible at the top of the field. Hematoxylin and eosin technic, magnification X 100. demonstrated moderate to severe endocarditis in all cases with destruction of the endocardium in scattered areas. In several of these specimens there was evidence of an associated subendocardial myocarditis with destruction of the myocardial fibers, pale staining sarcoplasm, disappearance of the myofibrils and pyknosis and dissolution of the nuclei (fig. 5) .
The disposable bubble oxygenator and Sigrnamotor pump have been used in this laboratory on over 500 dogs. Xo evidence of abnormalities of conduction have been seen excluding those animals in which heart block was purposely produced and those in which inadvertent trauma occurred to the conduction system. This same equipment has been used also in more than 900 patients undergoing 758 BITTENCOURT, LONG, LEE, LILLEHEI open heart reparative surgery. Heart block has been observed in a small percentage (10 to 12 per cent) of those cases in which corrective surgery was performed on defects adjacent to the AVN or AVB. Heart block has not been encountered as a complication in patients with surgical repairs directed at acquired valvular disease or areas remote from the conduction pathways. Changes in conduction of the cardiac impulse due to the cardiopulmonary bypass method can, therefore, be excluded as unlikely.
SUMMARY
Intravital staining of the RBB and LBB in the dog with one-fourth strength to full strength Lugol's solution results in excellent localization and identification of the conduction tissue. Iodine solutions not containing free iodine did not stain the conduction fibers. Solutions containing free iodine in the concentrations used in this experiment produced a block in conduction of the cardiac impulse. Morphologic changes were observed in the endocardium and myocardium when the endocardium was painted with these solutions.
Solutions of free iodine in the strengths studied are not deemed safe for use in man to identify the location of the conduction tissue at open cardiotomy.
SUMMABIO IN INTERLJNGUA
Le tincturation intravital del brancas dextere e sinistre de canes, effectuate per medio de solutiones de Lugol de inter 25 e 100 pro cento del f ortia complete, resulta in excellente localisation e identification del histos de conduction. Solutiones iodic sin contento de iodo libere non tincturava le fibras de conduction. Solutiones que eontineva iodo libere in le concentrationes usate in iste experimento produceva un bloco in le impulso cardiac. Alterationes morphologic esseva observate in le endocardio e le myocardio quando le endocardio esseva pingite eon ille solutiones.
Solutiones de iodo libere in le fortias studiate non es considerate como salve al uso in humanos pro identificar le location del histos de conduction in cardiotomia aperte.
